Introduction
Rhabdomyolysis is a syndrome characterized by muscle necrosis and the release of intracellular muscle constituents into the circulation. The severity of illness ranges from asymptomatic elevations of muscle enzymes in the serum to life-threatening cases associated with extreme enzyme elevations, electrolyte imbalances, and acute kidney injury 1) . The occurrence of acute kidney injury (AKI) following untreated rhabdomyolysis has been put at between 17 and 33% of cases and accounts for 3 to 15% of all cases of AKI 2) .
The animal model of experimental rhabdomyolysis is produced by intramuscular injection of hypertonic glycerol, which results in AKI and tubular dysfunction 3, 4) . Previous report demonstrated increased fractional sodium excretion and decreased cortical Na, K -ATPase activities in experimental rhabdomyolysis 5) . Moreover, in glycerol-induced AKI, tubular injuries are most severe at cortical segments of the proximal tubules and less extensive changes were ob- Metabolic acidosis was shown to correlate with deterioration of renal function in patients with rhabdomyolysis. The present study was aimed to investigate whether the changes of type 3 Na /H exchanger (NHE3), type 1 Na /HCO3 cotransporter (NBC1), and Na ,K -ATPase 1 subunit may play ⍺ a role in the pathogenesis of metabolic acidosis in glycerol-induced experimental rhabdomyolysis. Male
Sprague-Dawley rats were deprived of fluid intake for 24 hours, and then were injected with 50% glycerol in normal saline (10 mL/kg, intramuscularly). At 24 hours after the glycerol injection, rats were sacrificed by decapitation. Control rats were injected with normal saline. The protein expression of NHE3, NBC1 and Na ,K -ATPase 1 subunit was determined in the cortex of the kidney by ⍺ immunoblotting and immunohistochemistry. Following the treatment of glycerol, creatinine clearance was significantly decreased, and high anion gap metabolic acidosis developed. In the experimental group, the expression of Na ,K -ATPase 1 subunit was significantly decreased in the cortex of the kidney. ⍺ On the contrary, the expression of NHE3 and NBC1 was significantly increased. Immunohistochemical analyses confirmed the immunoblotting data. In conclusion, the coordinate up-regulation of NHE3 and NBC1 may play an adaptive role against the metabolic acidosis in glycerol-induced rhabdomyolysis.
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Original article served in the distal tubules [5] [6] [7] .
In the kidney, Na, K -ATPase is expressed along the entire length of the basolateral membrane of the renal tubule and actively pumps sodium from the cell into the interstitium to set up the electrochemical gradient to allow sodium to be reabsorbed. In the proximal tubule, the primary route for the apical sodium transport is via type 3 Na /H exchanger (NHE3). The proximal tubule reabsorbs 70-80% of the filtered load of bicarbonate, where apically expressed NHE3 provides the major route for proton secretion and type 1 Na /HCO3 cotransporter (NBC1) enables the exit of bicarbonate across the basolateral membrane [8] [9] [10] . Therefore, several acid-base disorders can be accounted for by dysregulation of NHE3 and NBC1 [11] [12] [13] .
Systemic acidosis was shown to correlate with deterioration of renal function in patients with rhabdomyolysis 14) . Thus we hypothesize that the changes of NHE3 and NBC1 activity may play a role in the pathogenesis of metabolic acidosis in experimental rhabdomyolysis. We examined 1) whether there are changes in the protein abundance of NHE3 and NBC1 in the renal cortex in experimental rhabdomyolysis; 2)
whether there are changes in the protein abundance of Na ,K -ATPase.
Materials and Methods

Animals and biochemical parameters
The experimental procedure conformed to the Institutional Guidelines for Experimental Animal Care and
Use. Male Sprague-Dawley rats weighing 250 to 270 g were used. They were deprived of fluid intake for 24 hours, and were injected with 50 % glycerol in normal saline (10 mL/kg, intramuscularly). Control rats were injected with normal saline. The rats were maintained individually in metabolic cages to collect urine samples.
At 24 hours after the glycerol injection, they were sacrificed for semiquantitative immunoblotting and immunohistochemical studies. Rats were anesthetized with ketamine (50 mg/kg, intraperitoneally) and a large laparotomy was made. Blood was collected from the inferior vena cava and analyzed for Na , creatinine, HCO3 and pH. The right kidney was rapidly removed and processed for immunoblotting as described below.
The left kidney was fixed by retrograde perfusion as described below.
Protein preparation and Western blot analyses
The renal cortex was dissected and homogenized at 3,000 rpm in a solution that contained 250 mM sucrose, Imaging System, Fuji Photo Film).
Immunohistochemistry
The for counterstaining and thereafter dehydration coverslips were mounted with hydrophobic medium. Microscopy was carried out using an Olympus light microscope (Olympus, Tokyo, Japan).
Drugs and statistical analysis
All the drugs were purchased from Sigma Chemical significance of the differences among the groups was determined using the unpaired t-tests. Table 1 shows the biochemical parameters. Glycerol-treated rats showed decreased creatinine clearance and increased plasma creatinine levels compared with that of controls. Accordingly, urine output was decreased. Fractional excretion of sodium was significantly increased, suggesting impaired tubular sodium reabsorption in glycerol-treated rats. Plasma pH and bicarbonate concentrations were decreased, and plasma anion gap was increased, suggesting the development of high anion gap metabolic acidosis. 
Results
Biochemical parameters
Renal morphology
Expression of Na ,K -ATPase 1 subunit, NHE3 ⍺ and NBC1
In the experimental group, the expression of Na ,K -ATPase 1 subunit was significantly decreased in ⍺ the cortex of the kidney (Fig. 2) . However, the protein expression of NHE3 and NBC1 was significantly increased following the glycerol treatment (Fig. 3) . Immunohistochemistry of NHE3 revealed apical membrane labeling of proximal tubule cells and thick ascending limb in the cortex and outer medulla, whereas with the immunoblotting data, the NHE3 labeling was markedly increased in the experimental group (Fig. 4A,   B ). Immunolabeling of NBC1 appeared in the basolateral membrane of the proximal tubules, which was also more prominent in the experimental group (Fig. 4C, D) .
Discussion
In rhabdomyolysis, potentially toxic myocyte con- The tubular sodium reabsorption occurs through a two-step mechanism, i.e., primary active transport out of the cell exerted by Na ,K -ATPase at the basolateral membrane, followed by a passive entry at the luminal membrane via NHE3 or other sodium cotransporters 15, 16) . Previous studies have demonstrated . Na /HCO3 cotransporter was initially localized by functional studies to the basolateral membrane of the proximal tubule, where it plays a role in mediating electrogenic HCO3 efflux 18) . In the present study, immunohistochemical analysis of the anti-NBC1 antibody also produced a strong and exclusively basolateral labeling in proximal tubules. These results are consistent with a view that NBC1 mediates basolateral proximal tubule HCO3 efflux 19, 20) . Our results revealed that the protein abundance of NBC1 and NHE3 in the proximal tubule was coordinately increased in response to metabolic acidosis induced by glycerol treatment, suggesting its functional up-regulation in response to metabolic acidosis. Taken together in vitro microperfusion studies, activities of the apically expressed NHE3 and basolaterally expressed NBC1 are up-regulated in response to metabolic acidosis 11) , these findings may suggest that systemic pH levels play a significant role in the regulation of HCO3 reabsorption in the proximal tubule.
In conclusion, the coordinate up-regulation of NHE3
and NBC1 may play an adaptive role against the metabolic acidosis in glycerol-induced rhabdomyolysis. 
